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wanli8801@163.coAbstract Pesticide residue analysis plays an important role in the quality control of Chinese
materia medica. This paper reports the development and validation of an analytical method for the
quantitative determination of the residues of 39 pesticides in 12 different matrices of Chinese
materia medica. Sample preparation utilized the QuEChERS method with acetonitrile:1% aqueous
acetic acid (9:1, v/v) as extraction solvent followed by sample clean-up by dispersive solid phase
extraction using primary secondary amine sorbent and graphitized carbon black. Extracts were
then analysed by gas chromatography coupled with electron impact mass spectrometry in the
selected ion monitoring mode. Limit of detection (LOD) and limit of quantitation (LOQ) values
were in the ranges 0.5–50 ng/g and 1–100 ng/g, respectively. The recoveries of the 39 pesticides were
in the range 75–112% with precision (as relative standard deviation, RSD) o15%. The resultsedica, Chinese Academy of Medical Sciences and Chinese Pharmaceutical Association. Production and
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residues in Chinese materia medica.
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Chinese materia medica (CMMs) are widely used around the
world, especially in Asia1,2. As a result, the toxicity of CMMs
arising from the presence of exogenous harmful compounds is a
signiﬁcant public health concern in China and other countries.
The most important potential toxins are the residues of pesticides
which are often applied to herbs to control pests during their
growth. Residues of these pesticides and their degradation
products in soil may penetrate plant tissues3 and pose a risk to
humans ingesting them. In the Chinese Pharmacopoeia (Ch.P.
2010 edition, ﬁrst section), the analytical method for controlling
the level of pesticide residues stipulates the maximum residue
limits (MRLs) of only nine organochlorine pesticides (OCPs) for
only two kinds of Chinese herbs, Glycyrrhizae Radix et Rhizome
and Astragali Radix. In addition, because of the complex matrix
of CMMs4, extensive sample treatment involving sulphonation
and solid phase extraction is required which has the potential to
destroy the pesticides in samples. As a result and to ensure their
safety, there is a deﬁnite need for a rapid and sensitive analytical
method to determinate multiple pesticide residues in CMMs.
Sample preparation by the QuEChERS (Quick, Easy,
Cheap, Effective, Rugged and Safe) method was ﬁrst reported
in 2003 to facilitate multiple pesticide residue analysis5. The
method has already been widely accepted and used to detect
pesticide residues in foods and vegetables6–8. Attempts have
also been made to apply it to detect pesticide residues in
CMMs9–11 but there remain signiﬁcant problems due to
interference from the wide variety of constituents in Chinese
herbs11,12 with their different polarities, solubilities and acid–
base properties9,13. In particular, the pigments, fatty acids and
volatile oils in CMMs exert strongly negative effects on the
detection signal in gas chromatography–mass spectrometry
(GC–MS). For example, analysis of the pesticide residues in
Chuanxiong Rhizoma previously treated with dichlorvos and
other toxic pesticides suffers interference from the large amount
of volatile oil it contains14. Thus, further reﬁnements in sample
preparation are necessary to overcome these interference
problems in the determination of pesticide residues in CMMs.
The objective of this study was to modify the QuEChERS
method of sample preparation to allow assay of pesticide
residues in CMMs with minimal interference using GC–MS.
Twelve species of CMM, including ﬁve forms (roots and
rhizomes, cortices, ﬂowers, leaves and seeds) were chosen to
establish the applicability of the new method.2. Materials and methods
2.1. Standards and reagents
A total of 39 pesticide standards (Table 1) in liquid form were
purchased from the Agro-Environmental Protection Institute of
China. Stock solutions (100 mg/mL) of each pesticide were usedto prepare mixed stock solutions containing 5.0 mg/mL of each
compound. Two mixed stock solutions were prepared (Table 1),
one (SIM A) containing compounds 1–20 made up in n-hexane
and the other (SIM B) containing compounds 21–39 made up in
acetone. Mixed standard solutions for linearity assessment were
prepared containing 5–500 ng/mL of each compound for SIM A
and 20–2000 ng/mL of each compound for SIM B. Stock and
standard solutions were stored at 20 1C when not in use.
Primary and secondary amine (PSA) exchange material and
graphitic carbon black (GCB) were purchased from Sepax-UCT
Inc. (USA). HPLC grade acetonitrile and n-hexane were pur-
chased from Fisher Scientiﬁc Co. Other common reagents
including acetone, acetic acid (HAc), anhydrous magnesium
sulphate, sodium acetate and sodium chloride were all of
analytical grade and purchased from Chengdu Kelong Chemical
Co. Ultrapure water was prepared using a Millipore Milli-Q
puriﬁcation system (Millipore Corp., Bedford, MA).
2.2. CMM samples
Species of commonly used CMM were purchased from major
markets across Sichuan province, China and included the
following 12 herbs: Ophiopogonis Radix, Angelicae Dahuricae
Radix, Gastrodiae Rhizoma, Pinelliae Rhizoma, Chuanxiong
Rhizoma, Magnoliae Ofﬁcinalis Cortex, Kochiae Fructus,
Arctii Fructus, Cnidii Fructus, Carthami Flos, Lonicerae
Japonicae Flos and Mori Folium. Three samples of each herb
were analysed making a total of 36 samples.
2.3. GC–MS analysis
The GC–MS system (Agilent Technologies, USA) consisted of a
7890A gas chromatograph equipped with a G4513A autoinjector
and a 5975C mass spectrometer. The detector was operated in the
electron impact (EI) ionization mode (electron energy 70 eV) using
helium (purity 99.9999%) as carrier gas. Separation was performed
on a fused-silica capillary column HP-5MS (30 m 0.32 mm
i.d., ﬁlm thickness 0.25 mm, Agilent, USA) using the following
chromatographic conditions: constant ﬂow 1.0 mL/min; inlet
temperature 280 1C; injection volume 1 L; MS transfer line
temperature 230 1C. The column temperature programs were as
follows: SIM A, 100 1C (1 min)-30 1C/min-170 1C (1 min)-
8 1C/min-230 1C-3 1C/min-280 1C (10 min); SIM B, 100 1C
(1 min)-10 1C/min-190 1C (3 min)-4 1C/min-230 1C
(7 min)-10 1C/min-280 1C (5 min). Full scan analysis
(m/z 50–600) was used to determine the chromatographic and
MS characteristics of the different compounds. Detection was
performed in the selected ion monitoring (SIM) mode with one
target and two or three qualiﬁer ions using an ion source
temperature of 230 1C, quadrupole temperature of 150 1C and a
GC–MS auxiliary temperature of 230 1C. Occasionally some
target ions of the 39 pesticides were affected by impurities. In
these cases, ions that were not affected were chosen to ensure
Table 1 Parameters for determination of the 39 pesticides (including isomers) by GC–MS.
Code Name tR (min) T (relative
abundance, %)
Q (relative
abundance, %)
Segment time LOD
(mg/g)
LOQ
(mg/g)
SIM A
1 Alpha-BHC 7.897 219 (87.5) 181 (98.3), 109 (56.8) 4.00 0.0005 0.0010
2 Beta-BHC 8.504 219 (100) 181 (94.0), 109 (91.2) 8.40 0.0015 0.0025
3 Gamma-BHC 8.581 219 (89.9) 181 (100), 109 (59.3) 8.55 0.0005 0.0010
4 Quintozene 8.677 237 (100) 295 (83.4), 249 (70.8), 214 (61.8) 8.62 0.0005 0.0010
5 Delta-BHC 9.125 219 (95.0) 109 (100), 181 (89.0) 9.00 0.0015 0.0030
6 Heptachlor 10.116 272 (72.2) 100 (100), 237 (29.0), 337 9.90 0.0005 0.0010
7 Aldrin 10.890 263 (53.7) 101 (35.6), 293 (24.4) 10.75 0.0010 0.0020
8 Dicofol 11.083 139 (100) 251 (47.1), 111 (30.5) 11.00 0.0020 0.0050
9 Procymidone 12.149 283 (100) 96 (86.3), 255 12.00 0.0005 0.0010
10 p,p0–DDE 13.203 246 (100) 318 (71.4), 176 (38.6), 105 (23.4) 13.10 0.0010 0.0030
11 Dieldrin 13.285 263 (20.2) 277 (15.1), 345 13.23 0.0005 0.0015
12 p,p0–DDD 14.366 235 (100) 165 (40.9), 199 (13.0) 14.20 0.0010 0.0030
13 o,p0–DDT 14.445 235 (100) 165 (27.7), 199 (10.1) 14.40 0.0015 0.0040
14 p,p0–DDT 15.474 235 (100) 165 (43.1), 199 (13.4) 15.30 0.0015 0.0040
15 Bifenthrin 17.284 181 (100) 165 (32.2), 141 (4.6), 152 (3.8) 17.10 0.0010 0.0020
16 Fenpropathrin 17.528 265 (19.7) 97 (100), 181 (55.0), 125 (31.5) 17.41 0.0005 0.0010
17 Cyhalothrin 19.435 181 (100) 197 (70.2), 208 (42.8), 141 (27.2) 19.25 0.0005 0.0010
18 Cypermethrin 23.33423.893 163 (100) 181 (51.6), 209 (14.3) 23.00 0.0015 0.0025
19 Fenvalerate 25.725, 26.292 419 (49.5) 125 (100), 167 (77.9), 225 (66.9) 25.50 0.0015 0.0030
20 Decamethrin 27.759 253 (100) 181 (88.2), 172 (37.1), 208 (36.2) 27.60 0.0010 0.0020
SIM B
21 Methamidophos 5.325 94 (100) 141 (35.6), 64 (25.0) 4.00 0.0100 0.0200
22 Dichlorovos 5.540 109 (100) 185 (27.9), 79 (26.9) 5.40 0.0010 0.0050
23 Acephate 7.822 136 (100) 94 (49.8), 79 (14.2), 125 (12.7) 7.60 0.0100 0.0200
24 Trichlorphon 8.148 109 (100) 110 (59.5), 145 (48.7), 139 (45.8) 8.00 0.0500 0.1000
25 Omethoate 9.740 156 (100) 110 (99.7), 79 (29.3), 126 (15.1) 9.60 0.0010 0.0050
26 Monocrotophos 10.786 127 (100) 97 (27.1), 192 (19.7), 109 (17.1) 10.60 0.0010 0.0020
27 Phorate 10.931 260 (14.7) 75 (100), 121 (30.3), 97 (24.6) 10.80 0.0010 0.0020
28 Dimethoate 11.450 87 (100) 93 (53.5), 125 (45.4), 143 (8.9) 11.25 0.0010 0.0030
29 Diazinon 12.529 304 (46.8) 179 (100), 137 (98.4), 152 (70.4) 12.40 0.0005 0.0010
30 Parathion-methyl 14.401 263 (86.8) 109 (100), 125 (82.7), 79 (36.6) 14.20 0.0010 0.0025
31 Fenchlorphos 14.846 285 (100) 125 (77.1), 109 (38.3) 14.70 0.0002 0.0005
32 Fenitrothion 15.390 277 (100) 125 (85.4), 109 (71.0), 260 (60.6) 15.30 0.0005 0.0010
33 Malathion 15.834 173 (93.7) 125 (100), 93 (93.2), 158 (39.9) 15.70 0.0005 0.0010
34 Parathion 16.356 291 (100) 109 (71.4), 97 (70.4), 139 (41.9) 16.20 0.0020 0.0050
35 Methidathion 18.661 145 (100) 85 (71.3), 93 (19.5), 125 (16.6) 18.50 0.0005 0.0010
36 Ditalimfos 19.395 299 (28.8) 130 (100), 209 (28.3), 243 (27.2) 19.20 0.0005 0.0010
37 Profenofos 20.043 337 (100) 139 (71.8), 208 (64.0), 374 (45.6) 19.90 0.0010 0.0025
38 Ethion 22.291 384 (18.1) 231 (100), 153 (40.4), 125 (31.8) 22.15 0.0005 0.0010
39 Coumaphos 33.422 362 (78.1) 109 (100), 226 (66.1), 210 (49.9) 33.40 0.0020 0.0050
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each pesticide including retention times (tR), target ions (T) and
two qualiﬁer ions (Q). To identify pesticides, the retention time
and ions were used with the assistance of the NIST’s pesticide
library (Gaithersburg, MD, USA). Figs. 1 and 2 show typical gas
chromatograms of the 39 pesticides.
2.4. Sample preparation and clean-up
Samples were extracted according to the QuEChERS method5,
with modiﬁcations to the proportion of sample and solvent.
Brieﬂy, 2.0 g sample powder (sieved through a No. 40 mesh
sieve) was weighed into a 50 mL centrifuge tube to which 10 mL
acetonitrile:water containing 1% HAc (9:1, v/v) was added and
the tube sealed and votexed for 30 s. To induce phase separation
and pesticide partitioning, 4.0 g anhydrous magnesium sulphate,
1.0 g anhydrous sodium chloride and 0.5 g sodium acetate wereadded after which the tube was sealed, ultra-sonicated for 5 min
and centrifuged for 2 min at 4000 rpm. For sample clean-up,
1.0 mL of the upper layer was transferred into a 2.5 mL
centrifugation tube containing 50 mg PSA sorbent, 25 mg GCB
and 150 mg anhydrous magnesium sulphate. The tube was
closed, vortexed for 30 s and centrifuged for 5 min at
12,000 rpm. An aliquot of the upper layer was transferred into
a vial and stored at –20 1C pending analysis.3. Results and discussion
3.1. Optimization of GC–MS conditions
The m/z range used for full scan of each compound was
reduced to the smallest appropriate range to increase sensitiv-
ity. Full scan spectra were obtained and appropriate T and Q
Figure 2 GC–MS chromatogram using the SIM mode of pesticide standard solution SIM B containing 1.0 mg/mL of pesticides 21–39.
The target compounds are as follows: 21, Methamidophos; 22, Dichlorovos; 23, Acephate; 24, Trichlorphon; 25, Omethoate;
26, Monocrotophos; 27, Phorate; 28, Dimethoate; 29, Diazinon; 30, Parathion-methyl; 31, Fenchlorphos; 32, Fenitrothion; 33,
Malathion; 34, Parathion; 35, Methidathion; 36, Ditalimfos; 37, Profenofos; 38, Ethion; 39, Coumaphos.
Figure 3 Effect of extraction solvent on signal from two pesticides unstable in acetonitrile. (a) cyclohexane; (b) acetone; (c) acetonitrile;
(d) acidiﬁed acetonitrile.
Figure 1 GC–MS chromatogram using the SIM mode of pesticide standard solution SIM A containing 0.5 mg/mL of pesticides 1–20.
The target compounds are as follows: 1, Alpha-BHC; 2, Beta-BHC; 3, Gamma-BHC; 4, Quintozene; (5) Delta-BHC; 6, Heptachlor;
7, Aldrin; 8, Dicofol; 9, Procymidone; 10, p,p0–DDE; 11, Dieldrin; 12, p,p0–DDD; 13, o,p0–DDT; 14, p,p0–DDT; 15, Bifenthrin;
16, Fenpropathrin; 17, Cyhalothrin; 18, Cypermethrin; 19, Fenvalerate; 20, Decamethrin.
Determination of pesticide residues in Chinese materia medica using QuEChERS followed by GC–MS 289
Figure 4 Effect of the amount of PSA and GCB on sorbent
capacity for isomes of benzene hexachloride (BHC). Amounts of
PSA and GCB are as follows: a, PSA:GCB 50 mg:25 mg, b,
PSA:GCB 50 mg:50 mg, c, PSA:GCB 50 mg:100 mg, d, PSA:GCB
50 mg:150 mg.
Table 2 Regression equations, linear ranges and linearity r.
Code Name Regression equatio
SIM A
1 Alpha-BHC y¼3.3519x0.015
2 Beta-BHC y¼2.8406x0.029
3 Gamma-BHC y¼3.2228x0.006
4 Quintozene y¼2.1679x0.016
5 Delta-BHC y¼2.8655x0.035
6 Heptachlor y¼2.5333x0.035
7 Aldrin y¼1.846x0.006
8 Dicofol y¼1.8135x0.018
9 Procymidone y¼5.24x0.0468
10 p,p0–DDE y¼7.7372x0.026
11 Dieldrin y¼0.9811x0.019
12 p,p0–DDD y¼8.8162x0.159
13 o,p0–DDT y¼4.8899x0.130
14 p,p0–DDT y¼2.976x0.1212
15 Bifenthrin y¼14.408x0.423
16 Fenpropathrin y¼6.8807x0.200
17 Cyhalothrin y¼6.1449x0.214
18 Cypermethrin y¼3.4143x0.123
19 Fenvalerate y¼4.6878x0.164
20 Decamethrin y¼2.8871x0.115
SIM B
21 Methamidophos y¼0.5105x0.048
22 Dichlorovos y¼1.9906x0.138
23 Acephate y¼0.7472x0.121
24 Trichlorphon y¼0. 053xþ0.007
25 Omethoate y¼0.8882x0.048
26 Monocrotophos y¼0.9751x0.006
27 Phorate y¼2.1897x0.007
28 Dimethoate y¼1.4429x0.097
29 Diazinon y¼2.1093x0.054
30 Parathion-methyl y¼1.4653x0.123
31 Fenchlorphos y¼2.3751x0.085
32 Fenitrothion y¼1.7561x0.108
33 Malathion y¼2.4344x0.002
34 Parathion y¼1.429x0.1048
35 Methidathion y¼1.8851x0.092
36 Ditalimfos y¼2.131x0.0197
37 Profenofos y¼0.7991x0.026
38 Ethion y¼2.6443x0.016
39 Coumaphos y¼0.4722x0.092
Yichen Hu et al.290ions selected (Table 1) on the basis of highest m/z ratio
(increase in selectivity) and abundance (increase in sensitiv-
ity)15. However, peaks with the highest m/z ratio were
associated with low abundance so that a compromise between
the two factors was required16. Since the selected ions could be
subject to interference, three or four ions for each compound
were tested and the ion(s) giving maximum sensitivity with
minimal interference was selected.
3.2. Optimization of extraction and clean-up
3.2.1. Extraction conditions
In pesticide residue analysis, sample preparation is often the
most time-consuming, labor intensive and complicated part of
the procedure. According to the characteristics of a given
pesticide, the extraction solvent can be chosen from a number
of possibilities including acetone17, cyclohexane18 and aceto-
nitrile19. Compared to other solvents, acetonitrile tends to given Linearity/r Linear range (mg/mL)
8 0.9999 0.0050.5
7 0.9999 0.0050.5
0.9999 0.0050.5
1 0.9992 0.0050.5
0.9997 0.0050.5
5 0.9997 0.0050.5
0.9996 0.0050.5
5 0.9991 0.0050.5
0.9997 0.0050.5
1 0.9990 0.0050.5
9 0.9995 0.0050.5
0.9989 0.0050.5
8 0.9982 0.0050.5
0.9990 0.0050.5
9 0.9993 0.0050.5
1 0.9981 0.0050.5
2 0.9978 0.0050.5
1 0.9989 0.0050.5
1 0.9956 0.0050.5
7 0.9973 0.0050.5
4 0.9990 0.055
9 0.9987 0.055
1 0.9996 0.055
0.9975 0.15
6 0.9991 0.055
1 0.9996 0.055
0 0.9996 0.055
6 0.9996 0.055
8 0.9999 0.055
7 0.9999 0.055
2 0.9993 0.055
4 0.9996 0.055
4 0.9999 0.055
0.9986 0.055
7 0.9972 0.055
0.9983 0.055
8 0.9999 0.055
6 0.9998 0.055
6 0.9996 0.055
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interference from lipids, proteins and other co-extracted
matrix components. For this reason, acetonitrile was chosen
as the extraction solvent in the QuEChERS method. However,
according to the report16, the phenomenon that the signals of
some pesticides such as dicofol and p,p0–DDT would reduced
sharply in acetonitrile would be improved by adding aqueous
HAc in acetonitrile. Fig. 3 shows how the peaks reduce due to
dicofol and p,p0–DDT are affected by extraction solvent and
that acetonitrile acidiﬁed with HAc gives the best response.
Moreover, the addition of HAc did not affect the stability of
the other pesticides20. Addition of magnesium sulphate to
assist partitioning yielded a signiﬁcant increase in the volumeTable 3 Relative standard deviations of accuracy and precision
(including isomers) in Pinelliae Rhizoma (n¼3).
Accuracy
(RSD, %)
Precision
(RSD, %)Code Name
SIM A
1 Alpha-BHC 3.3 3.8
2 Beta-BHC 3.7 4.3
3 Gamma-BHC 3.9 4.5
4 Quintozene 3.8 5.5
5 Delta-BHC 3.4 3.8
6 Heptachlor 4.7 5.1
7 Aldrin 3.9 5.9
8 Dicofol 4.2 5.4
9 Procymidone 3.4 4.1
10 p,p0–DDE 4.3 5.6
11 Dieldrin 3.4 4.2
12 p,p0–DDD 3.3 5.7
13 o,p0–DDT 5.1 5.4
14 p,p0–DDT 5.1 4.8
15 Bifenthrin 3.0 5.7
16 Fenpropathrin 3.1 5.2
17 Cyhalothrin 3.4 4.7
18 Cypermethrin 6.1 6.9
19 Fenvalerate 5.4 7.0
20 Decamethrin 5.2 7.6
SIM B
21 Methamidophos 3.2 4.1
22 Dichlorovos 2.4 2.3
23 Acephate 4.4 4.3
24 Trichlorphon 3.4 4.9
25 Omethoate 3.7 4.5
26 Monocrotophos 4.8 6.1
27 Phorate 2.7 2.7
28 Dimethoate 3.6 3.8
29 Diazinon 2.7 2.7
30 Parathion-methyl 2.4 5.0
31 Fenchlorphos 3.4 3.7
32 Fenitrothion 4.4 4.6
33 Malathion 3.0 3.0
34 Parathion 4.1 4.3
35 Methidathion 3.6 3.5
36 Ditalimfos 2.6 2.7
37 Profenofos 2.9 3.0
38 Ethion 2.4 2.4
39 Coumaphos 4.0 4.2of the upper layer and gave higher recoveries. Sodium chloride
was replaced with sodium acetate to make a buffer solution
with HAc in order to maintain pH in the range 6–721.3.2.2. Sample clean-up
Several sorbents can be used to clean-up extracts in pesticide
residue analysis including PSA sorbent, GCB, ﬂorisils and
ODS SPE cartridges22. Dispersive solid phase extraction with
a combination of PSA sorbent and GCB has been found to
remove more matrix materials23. The mechanism by which
PSA sorbent does this is based on weak ion exchange whereby
fatty acids, sugars and other components that form hydrogen(%) obtained at three concentration levels for 39 pesticides
Average recovery (%) (RSD, %)
Spiked 0.05 mg/g Spiked 0.1 mg/g Spiked 0.5 mg/g
84.7 (5.7) 88.6 (3.1) 87.0 (2.8)
90.1 (4.9) 94.7 (4.0) 92.9 (3.4)
86.6 (6.1) 89.9 (4.3) 87.9 (3.8)
80.1 (9.1) 88.7 (7.3) 85.5 (5.8)
81.0 (10.1) 93.6 (7.9) 88.9 (7.0)
76.7 (6.5) 84.7 (5.9) 82.7 (5.5)
79.7 (9.7) 90.2 (8.9) 85.3 (7.1)
97.5 (8.1) 106.8 (5.6) 103.1 (4.6)
99.7 (7.9) 105.1 (5.1) 103.5 (3.1)
79.4 (8.2) 86.6 (3.7) 83.0 (3.9)
84.9 (5.1) 89.9 (7.5) 88.1 (2.7)
81.1 (5.9) 84.3 (3.2) 83.3 (4.9)
100.0 (9.1) 105.9 (8.9) 103.6 (3.1)
114.6 (6.3) 109.9 (7.2) 111.1 (3.2)
89.0 (7.2) 91.4 (2.1) 90.4 (3.1)
81.9 (10.1) 88.1 (9.9) 85.4 (3.0)
79.6 (4.5) 84.2 (3.1) 82.2 (2.2)
87.4 (14.1) 92.3 (13.9) 91.3 (7.9)
80.9 (10.4) 87.3 (5.1) 85.3 (3.1)
79.6 (11.8) 86.5 (11.0) 84.2 (5.7)
Average recovery (%) (RSD, %)
Spiked 0.1 mg/g Spiked 0.5 mg/g Spiked 1.0 mg/g
79.7 (13.1) 78.9 (2.6) 82.9 (5.9)
93.3 (10.6) 87.1 (5.3) 92.3 (6.8)
85.2 (7.9) 82.3 (4.1) 84.9 (6.0)
98.1 (14.9) 125.0 (8.9) 111.3 (8.5)
87.0 (10.1) 78.1 (5.6) 83.9 (7.7)
86.7 (4.3) 85.2 (6.1) 85.8 (5.3)
78.2 (7.9) 80.7 (3.9) 81.8 (6.2)
91.9 (13.5) 94.9 (10.4) 85.7 (7.5)
86.2 (14.4) 74.6 (7.5) 83.0 (8.0)
83.3 (7.1) 79.8 (3.9) 83.7 (2.8)
85.9 (8.8) 92.9 (6.7) 89.0 (6.4)
87.1 (7.3) 75.8 (4.9) 80.0 (5.0)
80.8 (14.3) 83.8 (8.9) 87.1 (7.0)
88.1 (8.7) 92.6 (5.6) 89.5 (4.5)
98.7 (10.3) 78.1 (5.6) 85.6 (8.3)
76.5 (11.0) 84.6 (5.1) 79.4 (4.4)
88.2 (8.1) 83.7 (4.7) 89.7 (5.9)
88.2 (6.9) 86.5 (3.8) 87.1 (5.1)
90.4 (7.2) 85.5 ((3.0) 89.3 (3.6)
Figure 5 GC–MS chromatogram of a contaminated sample of Pinelliae Rhizoma.
Table 4 Content (mg/kg) of pesticide residues detected in twelve Chinese materica medica (n¼3).
Type Name Contents of pesticides detected (mg/kg)
Beta- BHC Gamma-BHC Delta-BHC Omethoate Procymi- done p, p0-DDD Bifenthrin Cyhalothrin
Roots and Rhizomes Pinelliae Rhizoma 0.0117 ND ND ND ND ND ND ND
Angelicae Dahuricae
Radix
ND ND ND ND ND ND ND 0.1816
Gastrodiae Rhizoma ND ND ND ND ND ND ND ND
Ophiopogonis Radix ND ND ND 0.1295 ND ND ND ND
Chuanxiong Rhizoma ND 0.0694 ND ND ND ND ND ND
Cortices Magnoliae Ofﬁcinalis
Cortex
ND ND ND ND ND ND 0.0705 ND
Flowers Carthami Flos ND ND 0.1803 ND ND ND ND ND
Lonicerae Japonicae
Flos
ND ND ND ND 0.0242 ND ND ND
Seeds Kochiae Fructus ND ND ND ND ND ND ND ND
Arctii Fructus ND ND ND ND ND ND ND ND
Cnidii Fructus ND ND ND ND ND 0.0778 ND ND
Leaves Mori Folium ND ND ND ND 0.0198 ND ND ND
ND, not detected.
Yichen Hu et al.292bonds are removed. The inclusion of GCB is to remove
pigments especially chlorophyll but it must be remembered
that GCB retains pesticides and should be used with caution20.
The effects of the amounts of PSA sorbent and GCB on
sorbent capacity for isomers of benzene hydrochloride (BHC)
is shown in Fig. 4. A combination of 50 mg PSA and 25 mg
GCB was found to give the best results.3.3. Validation of the method
All calibration curves for the 39 target compounds were linear
with correlation coefﬁcients r240.995 over the relatively wide
concentration ranges used (5–500 ng/mL for SIM A and
20–2000 ng/mL for SIM B) (Table 2). Limit of detection
(LOD) and limit of quantitation (LOQ) values were in the
ranges 0.5–50 ng/g and 1–100 ng/g, respectively. Method pre-
cision (as relative standard deviation, RSD) was evaluated by
determining reproducibility and intra- and inter-day precision.
Reproducibility (n¼6) was in the range 2.7–10.2% with intra-
and inter-day precisions o6.1% and o7.6% respectively
(Table 3). Recovery experiments using spiked blank samples
at three concentrations show that recoveries of the 39
pesticides were in the range 75–112% with RSD o15%.3.4. Application of the method
Results of analysis of the 12 species of commonly used CMMs
are shown in Table 4 and Fig. 5. It is clear that 8 pesticides
were detected in 9 of the 12 species (see Section 2.2) with
concentrations in the range 0.0117–0.1816 mg/g.4. Conclusions
A rapid and efﬁcient method for the determination of the
residues of 39 pesticides in Chinese materia medica has been
developed and validated. Only 2.0 g sample was used to reduce
interference from pigments. The extraction solvent was mainly
acetonitrile with 1% aqueous HAc added to prevent target
compound degradation. Sodium acetate was added subse-
quently to generate a buffer solution with pH 6–7. Extracts
were cleaned up using dispersive solid phase extraction with a
combination of PSA sorbent and GCB to remove polar matrix
components. This method of sample preparation effectively
decreased the content of fatty acids, sugars and other compo-
nents in the ﬁnal extract and protected the chromatographic
system. Compared to previously reported analytical methods
Determination of pesticide residues in Chinese materia medica using QuEChERS followed by GC–MS 293for pesticide residue determination in Chinese materia medica,
the proposed method is simple, convenient and economical.
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